Recent declines in the populations of three species of vultures in the Indian subcontinent are among the most rapid ever recorded in any bird species. Evidence from a previous study of one of these species, Gyps bengalensis, in the Punjab province of Pakistan, strongly implicates mortality caused by ingestion of residues of the veterinary non-steroidal anti-inflammatory drug diclofenac as the major cause of the decline. We show that a high proportion of Gyps bengalensis and G. indicus found dead or dying in a much larger area of India and Nepal also have residues of diclofenac and visceral gout, a postmortem f inding that is strongly associated with diclofenac contamination in both species. Hence, veterinary use of diclofenac is likely to have been the major cause of the rapid vulture population declines across the subcontinent.
INTRODUCTION
Populations of three species of vultures in the Indian subcontinent have declined by more than 95% in ca. 10 years across the Indian subcontinent (Gilbert et al. 2002; Prakash et al. 2003; The Peregrine Fund 2004) , leading the International Union for the Conservation of Nature to list oriental white-backed vulture (OWBV; Gyps bengalensis), long-billed vulture (LBV; Gyps indicus) and slender-billed vulture (Gyps tenuirostris) as critically endangered (HiltonTaylor 2000) . Given that these declines affect parts of the world range of these species that contain most individuals, they are among the most rapid sustained declines in the total population size of a bird species ever documented (Green & Hirons 1991) .
Studies that were performed in the Punjab province of Pakistan, during a period when the breeding population of OWBV was declining rapidly, found high mortality and a high proportion of dead vultures with visceral gout, and extensive deposits of uric acid on and within internal organs (Gilbert et al. 2002) . The kidneys of all dead OWBV with visceral gout were found to contain residues of diclofenac, an anti-inflammatory veterinary drug apparently ingested by vultures when they feed on carcasses of treated livestock (Oaks et al. 2004) . The kidneys of dead vultures without visceral gout did not contain detectable residues of diclofenac. Captive OWBV fed on tissues of livestock that had been treated with the normal veterinary dose of diclofenac shortly before death showed dosedependent mortality and those that died had extensive visceral gout (Oaks et al. 2004) .
Although visceral gout has been reported previously from vultures in India (Mishra et al. 2002; Cunningham et al. 2003) , it is not yet clear whether it and diclofenac poisoning occur widely across the subcontinent. We report that dead OWBV and LBV found in India and Nepal between 2000 and 2004 had a high incidence of gout, consistent with that found for OWBV in Pakistan, and that gout was strongly associated with the presence of diclofenac residues in kidney or liver in both species.
MATERIAL AND METHODS
Our analysis includes information from 15 OWBV and 13 LBV collected dead, or dying, between August 2000 and February 2004 in India and Nepal at the locations shown in figure 1. The birds were collected opportunistically in states where permits had been issued. Although we cannot be sure that they are a representative sample, we see no reason to believe that there was any appreciable collection bias with regard to cause of death. Eight birds were alive when collected, but in extremis. Four of these died within one day of collection and the rest within 3 days. Birds were aged by using plumage characters as juvenile (less than 1 year), subadult (more than 1 year, but not adult) and adult. We performed post-mortem examinations using the methods described in Cunningham et al. (2003) . Among 13 OWBV and 12 LBV for which the presence or absence of visceral gout could be determined, tissues of 11 OWBV and seven LBV were also analysed for diclofenac residues. In addition, tissues of two OWBV and one LBV, which did not have adequate necropsy information, were analysed for diclofenac.
Diclofenac was extracted from 0.5 g samples of kidney or liver tissue with acetonitrile, by the method described by Oaks et al. (2004) and extracts were analysed by HPLC-MS-MS using a PE Sciex API 2000 instrument. Quantification was by means of external calibration standards over a concentration range extending up to 0.1 µg ml Ϫ1 . Data were acquired using three MS/MS channels. Channel 1 used a parent ion of m/z = 294 and a product ion of m/z = 250; this channel was used for quantification. Channel 2 had a parent ion of m/z = 296 and product ion m/z = 252, and channel 3 had a parent ion of m/z = 294, product ion m/z = 214. The relative responses for the different channels were used to confirm identity. Limits of detection ranged from 0.001 to 0.002 µg g
Ϫ1
. Kidney and liver were analysed for nine birds; diclofenac was detected from both tissues in five birds, from neither tissue in three birds, and only from liver in one bird. Only one tissue was analysed for the other 12 birds.
RESULTS
Seventy-two per cent of the birds examined at postmortem had extensive visceral gout (table 1) Figure 1 . Proportion of vultures with diclofenac residues, visceral gout or both (indicated by the black area of each pie chart) at 13 localities where dead or dying vultures were found. The area of circles is scaled according to the number of birds assessed per site, which is given next to each. The circle furthest to the left represents data from a previous study in Pakistan (Oaks et al. 2004) . (5/8) of the LBV had detectable residues. There was a complete and highly significant association between the presence of diclofenac and that of visceral gout (table 2) .
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All 14 birds with gout had detectable diclofenac, but diclofenac was not found in the four birds without gout (Fisher's exact test, p = 0.0003). This association was significant for both of the two vulture species when they were considered separately (Fisher's exact test; OWBV, p = 0.018; LBV, p = 0.048).
DISCUSSION
Our study found a high proportion of OWBV and LBV with visceral gout in India and Nepal, which is similar to that reported previously for OWBV from Pakistan by Oaks et al. (2004) . Among 259 dead and dying adult and subadult OWBV that they examined, 85% had gout. This is consistent with our data for these age classes of OWBV (75% with gout; Fisher's exact test, p = 0.41).
We found a perfect association between visceral gout and diclofenac contamination in OWBV in India and Nepal, which supports the same finding by Oaks et al. (2004) for this species in Pakistan. We also extend the evidence of this association to LBV for the first time. No diclofenac analyses have yet been performed on tissues of the slender-billed vulture, the rarest and most geographically restricted of the three declining species.
Our study extends, by more than 2000 km eastwards, the geographical area within which evidence exists that a high proportion of dead vultures have visceral gout and that gout is strongly associated with diclofenac contamination (figure 1). Taken together, our study and that of S460 S. Shultz and others Vultures and diclofenac poisoning Oaks et al. (2004) have found diclofenac residues and gout in vulture carcasses collected across most of the geographical extent of the documented declines in vulture populations. The high proportion of dead vultures with signs of diclofenac poisoning make it probable that this is the major cause of the rapid population declines reported to have occurred across the subcontinent. Extinction of these endemic South Asian vulture species over most of their historical range is likely unless exposure to the new hazard from diclofenac can be prevented.
